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WIND DETECTION SYSTEM AND VEHICLE
CONTROL

TECHNICAL FIELD

This disclosure relates to wind detection and vehicle
control. More particularly, this disclosure relates to wind
prediction and vehicle control for mitigating impacts of
dangerous winds on a vehicle.

BACKGROUND

Automobiles, trucks, and other vehicles can be used to
transport people, cargo, and objects. Vehicles, including
autonomous vehicles, during operation, may experience
road conditions that may put the vehicle and 1n some
instances their occupants, at risk. For example, during high
wind conditions, cross-winds and wind shear can push a
vehicle off a road, 1into another vehicle 1n an adjacent lane,
or cause the vehicle to overturn.

SUMMARY

This disclosure relates to wind detection and vehicle
control.

In an example, a method can include recerving sensor data
generated by at least one light detection and ranging (LI-
DAR) device for a vehicle. The sensor data can characterize
a movement ol airborne particles. The method can include
determining wind characteristics based on the sensor data
and updating a vehicle operating parameter based on the
determined wind characteristics.

In another example, a system can include a wind sensor
system for a vehicle that can include at least one LIDAR
device and at least one radio detection and ranging (RA-
DAR) device. The system can include a controller that can
include a memory storing machine readable instructions for
adjusting a vehicle operating parameter. The machine read-
able 1nstructions can be executed to receive laser data
generated by the at least one LIDAR device and receive
radar data generated by the at least one RADAR device. The
laser data can characterize a movement of airborne particles.
The radar data can characterize the movement of the air-
borne particles. The machine readable 1nstructions can fur-
ther be executed to determine wind characteristics based on
the laser data, the radar data, and cause the vehicle operating,
parameter to be updated based on the determined wind
characteristics.

In a further example, a method can include receiving laser
data generated by at least one LIDAR device for a vehicle,
radar data generated by at least one RADAR device for the
vehicle, and 1image data generated by at least one camera
device for the vehicle. The laser, radar, and 1image data can
characterize a movement of airborne particles. The method
can include computing an average wind speed and average
wind direction based on the laser data, the radar data, and the
image data and causing a vehicle operating parameter to be
updated based on the computed average wind speed and the
computed average wind direction. The vehicle operating
parameter can mclude one of a speed of the vehicle and a
steering angle of a steering system of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an example of a wind prediction and
control (WPC) system.
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FIG. 2 illustrates an example of a scenario 1n which a
vehicle 1s not configured with a WPC system.

FIG. 3 illustrates an example of a scenario in which a
vehicle 1s configured with a WPC system.

FIG. 4 1llustrates an example of a vehicle configured with
a LIDAR system for providing sensor data for processing by
a WPC system for wind prediction and vehicle control.

FIG. § 1llustrates an example of another scenario 1n which
a vehicle 1s configured with a WPC system.

FIG. 6 illustrates an example of a method for maneuver-
ing a vehicle with respect to a danger wind condition.

DETAILED DESCRIPTION

This disclosure relates to wind detection and vehicle
control. During dangerous wind conditions, a vehicle can be
pushed ofl course, which can put the vehicle and/or vehicle
occupants at risk. In some situations, drivers may not have
suflicient reaction time to minimize the impact of danger
winds acting on the vehicle. Moreover, vehicle control
during dangerous wind conditions 1s diflicult to maintain as
wind force may continuously change during such weather
situations. Vehicles currently are configured with wind-
speed sensors to measure wind forces as these forces are
acting on a vehicle. For example, wind measurement data
from these sensors can be provided to an electronic stability
program (ESP) for compensation to counteract wind forces.
In some 1nstances, vehicles are configured to make appro-
priate vehicle corrections in response to vehicle sensors
detecting a shift in a vehicles course (e.g., travel trajectory)
in response to the wind. As such, current wind force com-
pensations techniques are reactive and compensate for wind
forces once these forces have acted on the vehicle.

System and methods are described herein for early detec-
tion of dangerous winds by predicting dangerous wind
conditions. The term “dangerous”™ as used herein in relation
to wind refers to a movement of gas particles 1n an atmo-
sphere that produces a wind force that can cause a vehicle to
be pushed ofl a vehicle trajectory. The movement of the gas
particles can be caused by a spatial difference 1n atmospheric
pressure 1n the atmosphere. Thus, wind can be created when
the gas particles move from areas 1n the atmosphere of high
pressure toward areas in the atmosphere of low pressure.
The movement of the air particles from high to low pressure
areas can result in a wind force with a wind speed that can
push a vehicle of a current vehicle path. By detecting
dangerous winds before wind forces created by such atmo-
spheric conditions act upon the vehicle, vehicle control
commands can be generated to control an action of the
vehicle to mitigate an impact of the wind forces on the
vehicle. Accordingly, the systems and methods described
herein can detect dangerous wind conditions before the
vehicle experiences such conditions and cause the vehicle to
act proactively to mitigate the impact of wind forces pro-
duced by the dangerous wind conditions. The systems and
methods described herein can control the action of the
vehicle, such that the vehicle substantially maintains a
current vehicle path. While many examples herein are
described in a context of ground vehicles, 1t 1s to be
understood that the approaches disclosed herein are equally
applicable to other vehicles, such as aernal vehicles and
watercraft vehicles, which can include manned or unmanned
vehicles.

In some examples, a WPC system 1s configured to receive
sensor data generated by one or more wind sensing devices.
The sensor data can characterize a movement ol airborne
particles at a location in an atmosphere. The airborne
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particles can be caused to move 1n response to a wind force
of a wind produced by gas particle movement in the atmo-
sphere. The one or more wind sensing devices can include
at least one LLIDAR device, at least one RADAR device,
and/or at least one camera device. Thus, 1n some examples,
the WPC system 1s configured to receive laser data, radar
data, and/or image data, each of which can characterize the
movement ol the airborne particles at the location 1n the
atmosphere 1n a respective sensor domain. The WPC system
can be configured to determine a wind speed and a wind
direction of the wind based on the sensor data. In some
examples, the WPC system 1s configured to compute an
average wind speed and average wind direction of the wind
based on the laser data, the radar data, and/or the 1image data.

The WPC system 1s configured to provide wind condition
data that includes the determined wind speed and wind
direction of the wind. In some examples, the wind condition
C
C

ata includes the average wind speed and the average wind
irection of the wind. The wind condition data can be
employed by a vehicle control system to update one or more
vehicle operating parameters of a vehicle to mitigate an
impact of the wind on the vehicle. The one or more vehicle
operating parameters can include a speed of the vehicle and
a steering angle of a steering system of the vehicle. In some
examples, the WPC system 1s configured to determine a
distance between the airborne particles at the location and
the vehicle at another location in the atmosphere. The
determined distance can be used in the updating of the one
or more vehicle operating parameters to mitigate the impact
of the wind on the vehicle. Accordingly, the WPC system
can be configured to detect the wind force of the wind before
the wind force of the wind act upon the vehicle, and update
vehicle operating parameters, such as configure the speed
and/or steering angle, to mitigate the impact of the wind on
the vehicle.

FIG. 1 illustrates an example 100 of a WPC system 102.
In some examples, the WPC system 102 can be employed 1n
an electronic system of a vehicle. The WPC system 102 can
be configured to detect a wind force of a wind before the
vehicle experiences the detected wind force and cause the
vehicle to adjust one or more vehicle operating parameters
to compensate for the detected wind force. The WPC system
102 can be configured to dynamically cause the vehicle to
adjust vehicle operations based on predicted wind condi-
tions. The WPC system 102 can include a controller 104.

The controller 104 includes at least one processor 106
(e.g., a central processing unit (CPU)) and a memory 108.
By way of example, the CPU can be a complex instruction
set computer (CISC)-type CPU, reduced instruction set
computer (RISC)-type CPU, microcontroller unit (MCU), or
digital signal processor (DSP). The memory 108 can include
random access memory (RAM)). In additional examples, the
memory 108 includes other types of memories (e.g., on-
processor cache, ofl-processor cache, RAM, flash memory,
or disk storage). The memory 108 can include coded instruc-
tions (e.g., computer and/or machine readable instructions)
that can be representative of a wind prediction and vehicle
control application that can be executed by the processor
106 to implement at least some of the functions described
herein.

In some examples, the processor 106 1s configured to
execute the application to predict (e.g., detect) the wind
force of the wind 1n a future (e.g., at a distance from the
vehicle) before the wind force impacts the vehicle, and
compute wind condition data for adjusting the one or more
vehicle operations of the vehicle. When moving air (e.g.,
wind) 1s stopped by the vehicle a dynamic energy of the
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wind (e.g., gas particles) 1s transformed to a pressure, which
acts on the vehicle to push the vehicle. If the wind force of
the wind has enough energy, the wind force can push the
vehicle off a current vehicle path. In some examples, the
wind 1s caused by a naturally occurring event (e.g., a storm
or a tornado).

In some examples, one or more wind sensing devices 110
can be employed to detect the wind force of the wind at a
location in an atmosphere by detecting a movement of
airborne particles 1n response to the wind force of the wind.
The airborne particles can be at a distance from the vehicle,
which can be at another location. Because the airborne
particles are moved 1n response to the wind force of the
wind, the wind force of the wind can be at the distance of the
vehicle. The airborne particles can be of any size and have
any shape. The term “airborne particles” as used herein can
include dust, water, snow, rain, aerosols, dirt, trash, objects,
insects, or particles that may be moved 1n response to the
wind force produced by the wind. The one or more wind
sensing devices 110 can be mounted on the vehicle. In some
examples, a mounting mechanism 1s used to adjust the one
or more wind sensing devices 110 to direct the one or more
wind sensing devices 110 1n a desired direction (e.g., toward
a side of the vehicle). For example, the WPC system 102 1s
configured to direct the one or more wind sensing devices
110 in the desired direction based on weather data for a
geographical location 1n which the vehicle 1s located or 1s to
be located to enable the one or more wind sensing devices
110 to detect the movement of the airborne particles 1n
response to the wind. In other examples, weather sensors on
the vehicle can be used to provide wind sensor control
information for directing the one or more wind sensing
devices 110 1n the desired direction. Although the example
of FIG. 1 1illustrates the one or more wind sensing devices
110 as separate from the WPC system 102, in other
examples, the WPC system 102 can include one or more
wind sensing devices 110.

In some examples, the one or more wind sensing devices
110 are configured to provide sensor data to the controller
104. The sensor data can characterize the movement of
airborne particles at the location in the atmosphere 1n
response to the wind force of the wind. The movement of the
airborne particles at the location can be analyzed to compute
a wind speed and a wind direction of the wind force of the
wind based on the sensor data, as described herein. The
controller 104 can employ a wind analyzer 112 to analyze
the sensor data for vehicle control as described herein. In
some examples, the one or more wind sensing devices 110
include a LIDAR device. The LIDAR device can include
one or more LIDAR sensors (e.g., laser scanners) that can be
configured to emit laser pulses at the airborne particles at the
location and detect a portion of the emitted laser pulses as
back-scattered light as the emitted laser pulses interact with
the airborne particles being acted on by the wind force of the
wind.

A number of laser pulses emitted by the one or more
LIDAR sensors and thus a sampling rate can be defined by
LIDAR configuration data, which may be provided by the
WPC system 102. For example, during heavy rain or snow
conditions, the number of pulses 1s adjusted based on the
LIDAR configuration data to increase the sampling rate of
the LIDAR device. In some examples, a geometry of such
pulses (e.g., 2D scanning, 3D scanning, or a combination
thereol) 1s defined by the LIDAR configuration data. In
some examples, the LIDAR device 1s configured to detect
the movement of the airborne particles at the location based
on a determined detection range, which can be provided as
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part of the LIDAR configuration data. As such, the LIDAR
device can be configured to detect winds at different dis-
tances from the vehicle. A detection range of the LIDAR
device can be set (e.g., adjusted) based on factors of the
LIDAR configuration data such as a speed of the vehicle,
type of vehicle, weather conditions (e.g., heavy rain and/or
snow conditions), and/or terrain conditions.

The processor 106 can be configured to receive the
back-scattered light detected by the LIDAR module as laser

data. The sensor data can include the laser data. The wind
analyzer 112 can be programmed to analyze the laser data to
determine the wind speed and the wind direction of the wind
torce, and thus the wind. For example, the wind analyzer 112
1s programmed to employ a light evaluation module 114 to
evaluate the movement of the airborne particles over time to
determine the wind speed and the wind direction of the
wind. In some examples, the light evaluation module 114
can be programmed to calculate the wind speed and the wind
direction with respect to a longitudinal axis of the vehicle.
For example, the light evaluation module 114 1s pro-
grammed to determine the wind speed and direction 1n
three-dimensions (e.g., X, Y, and Z) relative to a position of
the one or more LIDAR sensors, thereby the vehicle.

In some examples, the light evaluation module 114 1s
programmed to determine a distance between the location of
the RADAR device and the location of the airborne particles
being acted upon by wind force of the wind 1n the atmo-
sphere. Because the RADAR device 1s mounted on the
vehicle, the distance between the airborne particles at the
location and the RADAR device at the other location can be
representative of the distance between the vehicle and the
wind force of the wind. Moreover, because a speed of light
1s a known constant, a time that elapses between an emitted
laser pulse by the one or more LIDAR sensors and a
corresponding return can be used by the light evaluation
module 114 to calculate the distance between the vehicle and
the wind. The light evaluation module 114 can be pro-
grammed to provide the wind speed of the wind, the wind
direction of the wind, and/or the distance between the
vehicle and the wind as a first set of wind data, which can
be stored 1n the memory 108. While the example of FIG. 1
illustrates the light evaluation module 114 being imple-
mented 1n the memory 108, 1n other examples, the light
evaluation module 114 can be implemented on the LIDAR
device.

In some examples, the one or more wind sensing devices
110 include a RADAR device. In some examples, the
RADAR device 1s a Pulse-Doppler radar. The RADAR
device can be configured to emait a radar signal (e.g., one or
more electromagnetic (EM) waves) toward the airborne
particles at the location. The airborne particles can change a
frequency of the radar signal and reflect the radar signal back
toward the one or more radar systems as a reflected radar
signal. The RADAR device can be configured to provide
radar data characterizing the emitted radar signal and the
reflected radar signal to the controller 104. The wind ana-
lyzer 112 can employ a radar evaluation module 116 to
evaluate the radar data to determine the wind speed and the
wind direction of the wind force of the wind, and the
distance between the vehicle and the wind force of the wind.
For example, the radar evaluation module 116 can be
programmed to analyze a strength of the reflected radar
signal, a time it took to travel to the airborne particles at the
location and back to the RADAR device, and a frequency
shift of the radar signal to determine the wind speed and the
wind direction of the wind force of the wind, and the
distance between the wind force of the wind and the
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LADAR device based on the radar data. Because the
LADAR device 1s mounted on the vehicle, the distance
between the airborne particles at the location and the
LADAR device at the other location can be representative of
the distance between the vehicle and the wind force of the
wind.

The radar evaluation module 116 can be programmed to
provide the wind speed of the wind force of the wind, the
wind direction of the wind force of the wind, and/or the
distance between the vehicle and the wind force of the wind
as a second set of wind data. The second set of wind data can
be stored in the memory 108. While the example of FIG. 1
illustrates the radar evaluation module 116 being imple-
mented 1n the memory 108, in other examples, the radar
evaluation module 116 can be implemented on the one or
more radar systems.

In some examples, the one or more wind sensing devices
110 includes at least one camera device. During weather
conditions that result in rain or snow, the at least one camera
device can be configured to capture images of the airborne
particles (e.g., precipitation) to detect the movement of the
airborne particles 1n response to the wind force of the wind.
The at least one camera device can be configured to provide
image data characterizing the movement of the airborne
particles 1n response to the wind force of the wind to the
controller 104. The wind analyzer 112 can employ an 1image
evaluation module 118 to evaluate the image data to deter-
mine the wind speed and the wind direction of the wind
force of the wind. The image evaluation module 118 can be
programmed to communicate with the camera device to
receive the image data. The image evaluation module 118
can be programmed to provide the wind speed and the wind
direction of the wind force of the wind as a third set of wind
data based on the evaluation of the image data.

In some examples, the image evaluation module 118 1s
programmed to evaluate the image data to determine the
distance between the camera and the wind force of the wind.
For example, the image evaluation module 118 can be
programmed to evaluate visual information (e.g., light inten-
sity) from the 1images and camera properties for the at least
one camera to determine a distance between the at least one
camera and the airborne particles and thus the wind force of
the wind. In other examples, a set of cameras can be
employed to capture images of the movement of the airborne
particles to provide the image data. The set of cameras can
define a stereo camera, 1n some examples. The evaluation
module 118 can be programmed to evaluate the wvisual
information from the images, location information for the
set of cameras, camera properties of each of the set of
cameras to determine the distance between the set of cam-
eras and the airborne particles. Because the at least one
camera device, or in some examples, the set of cameras, 1s
mounted on the vehicle, the distance between the airborne
particles at the location and the LADAR device at the other
location can be representative of the distance between the
vehicle and the wind force of the wind. The determined
distance between the vehicle and the wind force of the wind
by the image evaluation module 118 can be stored as part of
the third set of wind data, which can be stored in the memory
108. While the example of FIG. 1 illustrates the image
evaluation module 118 being implemented 1n the memory
108, 1n other examples, the image evaluation module 118
can be implemented on the one or more camera systems.

In some examples, during snow and/or rain conditions,
the LIDAR device can be configured to emit laser pulses at
the airborne particles at the location to detect the movement
of the airborne particles 1n response to the wind force of the
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wind. As the emitted laser pulses travel toward the airborne
particles, the precipitation which 1s being acted upon by the
wind force of the wind can cause portions of each emitted
laser pulse to be back-scattered. Each back-scattered portion
of each emitted laser pulse can have different time of flight
information. The LIDAR device can be configured to pro-
vide each back-scattered portion of each emitted laser pulse
as respective laser data to the controller 104. The light
evaluation module 114 can be programmed to determine the
time of tlight information for each back-scattered portion of
cach emitted laser pulse, for example, by determining an
amount of time between a time at which the emitted laser
pulses were transmitted and each portion of each emitted
laser pulse that was back-scattered was received by the
LIDAR device.

The light evaluation module 114 can be programmed to
compare the time of flight information for each back-
scattered portion of each emitted laser pulse to determine
which back-scattered portion of a respective emitted laser
pulse has a greatest time of flight information. In some
examples, the light evaluation module 114 can be pro-
grammed to compare the time of flight information for each
back-scattered portion to a threshold to exclude back-scat-
tered portions ol emitted laser pulses that are retlected by
precipitation between the LIDAR device and the airborne
particles and thus are not being acted upon by the wind force
of the wind. The light evaluation module 114 can be
programmed to employ the time of tlight information deter-
mined to be the greatest to determine the distance between
the airborne particles and the vehicle. The light evaluation
module 114 can be programmed to provide the determined
distance between the wind force of the wind and the vehicle
determined during snow and/or rain conditions as part of the
first set of wind data. Accordingly, during rainy and/or snow
conditions, the LIDAR device can be configured to deter-
mine the distance between the wind and the vehicle.

In some examples, the wind analyzer 112 includes a wind
data processing module 120. The wind data processing
module 120 can be programmed to receive each of the first,
second, and third sets of wind data and process each set of
wind data to provide wind condition data 122. For example,
the wind data processing module 120 1s programmed to
cvaluate the wind speed from each set of wind data to
determine an average wind speed for the wind force of the
wind. By way of example, the wind data processing module
120 1s programmed to compute a mean wind speed or a
median wind speed based on the wind speed from each set
of wind data. In another embodiment, the wind data pro-
cessing module 120 can be programmed to process the wind
speed by applying a weighted function to the first, second,
and third sets of wind data. Wind data processing module
120 may use a myriad of mathematical equations to deter-
mine a wind speed.

In some examples, the wind data processing module 120
1s programmed to evaluate the wind direction from each set
of wind data to determine an average wind direction for the
wind force of the wind. The wind data processing module
120 can be programmed to compute a mean direction speed
or a median direction speed based on the wind direction
from each set of wind data. In some examples, the wind data
processing module 120 can be programmed to evaluate the
distance between the vehicle and the airborne particles from
cach set of wind data to determine a corresponding distance
between the vehicle and the airborne particles. The wind
data processing module 120 can be programmed to compute
a mean or a median distance between the airborne particle at
the location and the vehicle at the other location based on
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cach set of wind data. Thus, the wind data processing
module 120 can be programmed to compute the distance
between the wind force of the wind and the vehicle based on
cach set of wind data.

The wind data processing module 120 can be pro-
grammed to store 1n the memory 108 the average wind speed
for the wind, the average wind direction for the wind, and
the corresponding distance between the vehicle and the wind
force of the wind as or part of the wind condition data 122.
The wind data processing module 120 can be programmed
to provide the wind condition data 122 to vehicle interface
circuitry 124. The vehicle iterface circuitry 124 can include
a bus controller to perform communication through a bus
(c.g., a local area network (LAN) bus) with a vehicle control
system 126. The communication of data between the vehicle
interface circuitry 124 and the vehicle control system 126
can use a controller area network (CAN) protocol.

In some examples, the wind data processing module 120
1s programmed to employ one of the first set of wind data,
the second set of wind data, and/or the third set of wind data
to be provided as the wind condition data 122 to the vehicle
interface circuitry 124 based on weather conditions. For
example, during rainy and snow conditions, the wind data
processing module 120 1s programmed to provide the second
set of data as the wind condition data 122. In some
examples, during clear conditions, the wind data processing
module 120 1s programmed to provide the first set of data as
the wind condition data 122. In further examples, the wind
data processing module 120 1s programmed to provide a
portion of data from one set of wind data and a portion of
data from another set of wind data as the wind condition data
122 to the vehicle interface circuitry 124 based on the
weather conditions. For example, during weather conditions
that result 1n rain and/or snow, the wind data processing
module 120 can be programmed to employ the wind speed
and the wind direction computed by the image evaluation
module 118 from the third set of wind data and the distance
between the vehicle and the wind force of the vehicle from
one of the first set of wind data and the second set of wind
data to provide the wind condition data 122 to the vehicle
interface circuitry 124.

The vehicle interface circuitry 124 can be configured to
communicate the wind condition data 122 to the vehicle
control system 126. In some examples, the vehicle control
system 126 includes an electronic stability program (ESP).
The vehicle control system 126 can be configured to process
the wind condition data 122 to compute one or more updated
vehicle operating parameters 130 for adjusting a vehicle
operation of the vehicle. In some examples, the vehicle
control system 126 can employ a data fusion module that can
be programmed to fuse data from multiple systems, 1nclud-
ing the one or more wind sensing devices 110 and one or
more object sensing devices 128, data sources on the
vehicle, and other sources (e.g., on the vehicle or at a remote
location) to compute the one or more updated vehicle
operating parameters 130 for the vehicle. Thus, the data
fusion module can be programmed to fuse the wind condi-
tion data 122 with other vehicle data to compute the one or
more updated vehicle operating parameters 130. For
example, the data fusion module can be programmed to
merge the wind condition data 122 with vehicle data, such
as an actual vehicle position, speed, and/or steering angle to
calculate expected forces with respect to the vehicle, and
update the vehicle operating parameters based on the cal-
culated expected forces.

By way of example, the other vehicle data includes global
positioning system (GPS) data for the vehicle, map data of
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a current geographical location in which the vehicle 1s
located or 1s to be located, weather data, accelerometer data
for the vehicle, gyroscope data for the vehicle, and/or the
like. In some examples, the accelerometer and/or the gyro-
scope data may be used by the vehicle control system 126 to
predict a pitch and a yaw movement for the vehicle during
the impact of the wind on the vehicle. The vehicle control
system 126 can be configured to employ the predicted pitch
and yaw movement to compute one or more updated vehicle
operating parameters 130 for adjusting the operation of the
vehicle.

In some examples, the one or more updated vehicle
operating parameters 130 include an updated speed for the
vehicle and/or updated steering angle for a steering system
of the vehicle. The vehicle control system 126 can be
configured to employ the one or more updated vehicle
parameters 130 to cause one or more vehicle sub-systems
(e.g., speed control system and a steering system) of the
vehicle to adjust a current speed and/or steering angle of the
steering system to the updated vehicle speed and/or steering
angle, such that the vehicle compensates for the wind 1n
response to the wind impacting the vehicle. Thus, the vehicle
control system 126 can be configured to adjust vehicle
operations to minmimize the impact of the wind on the
vehicle.

In some examples, the vehicle control system 126 can
communicate the updated steering angle to the steering
system of the vehicle. The steering system can include a
steering angle controller. The steering angle controller can
be configured to adjust a steering angle of each wheel of the
vehicle based on the updated steering angle. In some
examples, the steering angle controller can be configured to
adjust the steering angle of each wheel of the vehicle to
maintain a current vehicle trajectory of the vehicle based on
the updated steering angle. In some examples, the vehicle
control system 126 can communicate the updated speed for
the vehicle to the speed control system. The speed control
system can adjust the vehicle speed of the vehicle based on
the updated speed. For example, the speed control system
can adjust an engine torque of the vehicle, such that a present
speed of the vehicle can be caused to approach the updated
speed. In some examples, the speed control system can
adjust the present speed of the vehicle by changing a
frequency of an alternating current (AC) being outputted by
a direct-current (DC) to AC converter to an electrical motor
of the vehicle. By adjusting the steering angle of each wheel
of the vehicle and/or the speed of the vehicles based on the
updated steering angle and/or updated speed for the vehicle,
the vehicle can be configured to mitigate the impact of the
wind force of the wind on the vehicle as the wind force of
the wind acts (e.g., pushes) upon the vehicle. The vehicle
mitigates the impact of the wind force by maintaining the
current vehicle trajectory.

In some examples, the WPC system 102 1s configured to
communicate with the one or more object sensing devices
128. The one or more object sensing devices 128 can be
configured to detect objects (e.g., vehicles, road hazards, and
the like) that may be within a distance (e.g., vicinity) of the
vehicle as the vehicles moves along the current vehicle
trajectory. The one or more object sensing devices 128 can
include one or more camera systems, one or more RADAR
systems, and/or LIDAR systems for detecting objects. In
some examples, the one or more object sensing devices 128
1s mounted on the vehicle to monitor one or more sides of
the vehicle.

The one or more object sensing devices 128 can be
configured to generate object data characterizing one or
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more detected objects. The object data can be provided to the
controller 104. The controller 104 can employ an object data
processing module 132. The object data processing module
132 can be programmed to update the one or more vehicle
operating parameters of the vehicle with respect to the wind
based on the object data. In some examples, the object data
1s indicative of a type of object. In other examples, the object
data processing module 132 1s programmed to process the
object data (e.g., one or more 1mages ol the object) to
determine the type of object detected by the one or more
objecting sensing devices 128.

In some examples, the wind 1s a cross-wind. The cross-
wind can be perpendicular to the vehicle path of the vehicle.
In other examples, the cross-wind has a wind angle relative
to the vehicle path that 1s less than 90 degrees but greater
than O degrees. As the vehicle 1s moving along the current
vehicle trajectory (e.g., 1 a respective vehicle lane), the
object may block a wind path of the wind as the wind
approaches the vehicle, thus shield the vehicle from the
cross-wind. The object data processing module 132 can be
programmed to communicate via the vehicle interface cir-
cuitry 124 with the vehicle control system 126 to adjust the
one or more vehicle operating parameters, such as the speed
of the vehicle and/or the steering angle as described herein
in response to determining that the vehicle 1s shielded from
the cross-wind by the object. Thus, the object data process-
ing module 132 can be programmed to cause the vehicle
control system 126 to compute new vehicle operating
parameters to adjust the updated speed and/or steering angle
of the vehicle to the new speed and/or steering angle 1n
response to determining that the vehicle 1s shielded from the
wind by the object.

By way of example, the object data processing module
132 1s programmed to evaluate wind data (e.g., one of the
first set of wind data, the second set of wind data, and the
third set of wind data) to determine whether the vehicle 1s
shielded from the wind force of the wind by the object. In
some examples, the object data processing module 132 can
be programmed to evaluate the object data to detect an
object (e.g., a rock) 1n the wind. The object data processing
module 132 can be programmed to determine a trajectory of
the object relative to the vehicle based on the wind data. The
wind data processing module 120 can be programmed to
communicate the determined trajectory to the vehicle con-
trol system 126 for adjusting the steering angle and/or speed
of the vehicle.

In some examples, the object data processing module 132
can be programmed to communicate with the wind data
processing module 120 to receive the wind data, and com-
pare the wind data to a wind threshold to determine whether
the vehicle 1s shielded by the object from the wind. For
example, the object data processing module 132 i1s pro-
grammed to determine that the vehicle i1s shielded from the
wind by the object 1n response to determining that the wind
speed of the wind data 1s less than or equal to the wind
threshold for a defined period of time (e.g., for about two
seconds). The wind threshold can be representative of a
value for determining whether the vehicle 1s shielded by the
object. In other examples, a different approach can be used
to determine whether the vehicle 1s shielded by the object
from the wind. In some examples, the wind threshold can be
adaptive.

In some examples, the object data processing module 132
1s programmed to determine that the vehicle 1s no longer
being shielded by the object, for example, 1n response to
determining that the wind speed of the wind data 1s greater
than the wind threshold for the defined period of time. The
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object data processing module 132 can be programmed to
communicate an indication to the wind data processing
module 120 that the object 1s no longer shielding the vehicle
to cause the wind data processing module 120 to provided
updated wind condition data for vehicle control. The wind
data processing module 120 can be programmed to generate
the updated wind condition data 1n a same or similar manner
as described herein. The updated wind condition data can be
provided to the vehicle control system 126 to provide the
one or more updated vehicle operating parameters 130 for
updated vehicle control.

Accordingly, by employing the WPC system 102 on the
vehicle allows for early detection of winds by predicting a
future wind before the future wind 1s experienced by the
vehicle. By detecting winds before the winds impacts the
vehicle, vehicle control commands can be generated to
control an action of the vehicle that mitigates the impact of
the winds on the vehicle. Thus, the WPC system 102 can be
configured to predict dangerous winds and enable the
vehicle to act proactively to mitigate the impact of danger-
ous winds on the vehicle.

FIG. 2 illustrates an example of a scenario 200 1n which
a vehicle 202 1s not configured with a WPC system, such as
the WPC system 102, as illustrated 1in FIG. 1. In the example
of FIG. 2, the vehicle 202 can be controlled (e.g., by a
human, autonomously, or semi-autonomously) to move the
vehicle 202 1n a lane 204 1n a respective direction. During,
a dangerous wind condition, a wind 206 can occur that can
impact the movement of the vehicle 202, such as to cause the
vehicle 202 to be pushed into a nearby-lane 208, as illus-
trated 1n FIG. 2. If another vehicle (not shown 1n FIG. 2) 1s
moving 1n the nearby-lane 208, for example, 1n a same
direction as the vehicle 202 or an opposite direction can
result 1n an accident, which may cause damage to the vehicle
202 or the other vehicle, or in some situations, lead to a loss
of life.

FIG. 3 illustrates an example of a scenario 300 1n which
a vehicle 1s configured with a WPC system, such as the WPC
system 102, as illustrated in FIG. 1. Therefore, in some
examples, reference can be made to the example of FIG. 1
in the following description of the example of FIG. 3. In the
example of FIG. 3, the vehicle 302 can be controlled (e.g.,
by a human, autonomously, or semi-autonomously) to move
the vehicle 302 1n a lane 304 in a respective direction.
During a dangerous wind condition, a wind gust 306 can
occur that can impact the movement of the vehicle 302.
However, because the vehicle 302 1s configured with the
WPC system as described herein, the WPC system can
detect a wind force of the wind 306 before the vehicle 302
experiences the wind force of the wind 306. The WPC
system can be configured to generate wind condition data for
adjusting one or more vehicle operations of the vehicle, such
that the affects of the wind force of the wind 306 on the
vehicle are mitigated or reduced. For example, the WPC
system can be configured to cause a vehicle control system
to adjust a speed of the vehicle 302 and/or a steering of the
vehicle to compensate for the wind force of the wind 306
based on the vehicle control data. The WPC system can be
configured to cause the vehicle control system (e.g., the
vehicle control system 126, as illustrated in FIG. 1) to
compensate for the wind force of the wind 306, such that the
vehicle maintains a current vehicle path 1n response to the
wind force of the wind 306 acting on the vehicle 302.
Accordingly, the WPC system can enable the vehicle 302, in
some examples, to stay within the lane 304 and not move
into a near-by lane 308, which may increase a likelihood that
the vehicle collides with an object (e.g., another vehicle).
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FIG. 4 illustrates an example of a scenario 400 with a
vehicle 402 configured with a LIDAR device 404 {for
providing sensor data for processing by a WPC system for
wind prediction and vehicle control. The WPC system can
correspond to the WPC system 102, as illustrated 1n FIG. 1.
Therefore, 1n some examples, reference can be made to the
example of FIG. 1 i the following description of the
example of FIG. 4. In the example of FI1G. 4, the vehicle 40
can be controlled (e.g., by a human, autonomously, or
semi-autonomously) to move the vehicle 402 1n a lane 406
in a respective direction. During a dangerous wind condi-
tion, a wind 408 can occur that can impact the movement the
vehicle 402. As illustrated 1n FIG. 4, the vehicle 402 1s
configured with the LIDAR device 404.

In some examples, the LIDAR device 404 can correspond
to one of the one or more wind sensing devices 110, as

illustrated 1n FI1G. 1. Although 1n the example of FIG. 4 the
LIDAR device 404 1s located at a front-end of the vehicle
402, 1 other examples, the LIDAR device 404 can be
located at another location on the vehicle 402, such as on a
side of the vehicle 402. While the example of FIG. 4
illustrates a single LIDAR device 404, 1n other examples, a
plurality of LIDAR devices may be employed and posi-
tioned on the vehicle to provide a comprehensive (e.g., a 360
degree) LIDAR detection system. The comprehensive
LIDAR detection system can be configured to detect move-
ment of airborne particles in response to a wind force of the
wind 408 from any angle with respect to the vehicle 402
betfore the wind force of the wind 408 can be experienced by
the vehicle. In response to detecting the movement of the
airborne particles, the LIDAR device 404 can be configured
to provide sensor data for processing by the WPC system to
determine a wind speed and a direction of the wind force of
the wind 408 as described herein.

In some examples, the LIDAR device 404 can be con-
figured to detect wind conditions at a detection range 410.
By way of example, the LIDAR device 404 can be config-
ured to adjust the detection range 410, such as based on
LIDAR configuration data, which can be provided by the
WPC system. In some examples, the detection range 410 can
be about 50 meters. By configuring the LIDAR device 404
to detect the movement of the airborne particles 1n response
to the wind force of the wind 408 at a distance away from
the vehicle 402, can enable the WPC system to compensate
for the wind force 408, such that the vehicle maintains a
current vehicle path or stays within the lane 406 and does not
move 1nto a neighboring lane 412. For example, 11 the WPC
system determines that the wind 408 has a wind speed of
about 27.8 meters per second (m/s), and the set range 410 for
the LIDAR device 404 1s 50 meters, a reaction time for the
vehicle 402 1s 1.8 seconds. Thus, the WPC system has about
1.8 seconds to predict the wind speed and the direction of the
wind 408 and cause the vehicle 402 to compensate for the
wind 408 within the reaction time. Accordingly, by config-
uring the vehicle 402 with the WPC system, the wind 408
(e.g., side winds) can be anticipated by the vehicle 402 and
vehicle controls (e.g., speed and/or steering) can be adjusted
to compensate for the wind 408 as the wind 408 1mpacts the
vehicle 402.

FIG. 5 illustrates another example of a scenario 500 1n
which a first vehicle 502 1s configured with a WPC system.
The WPC system can correspond to the WPC system 102, as
illustrated 1n FIG. 1. Therelfore, 1n some examples, reference
can be made to the example of FIG. 1 1in the following
description of the example of FIG. 5. In the example, of FIG.
5, 1n a first vehicle state 504, the first vehicle 502 1s shield

from a wind force of a wind 506 by a second vehicle 508
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until the first vehicle 502 moves along a path 510 into a
second vehicle state 512. The first vehicle 502 can be
moving 1n a forward direction along the path 510 in a first
lane 514 at a greater speed than the second vehicle 508 that
1s moving 1n a similar direction 1n a second lane 516.

In some examples, the first vehicle 502 1s configured with
a LIDAR device, a camera device, and/or a RADAR device.

The LIDAR device, the camera device, and/or the RADAR
device can correspond to the one or more object sensing
devices 128, as illustrated 1n FIG. 1. In some examples, the
LIDAR device, the camera device, and/or the RADAR
device can be employed to detect the second vehicle 508.
The LIDAR device, the camera device, and/or the RADAR
device can be employed to detect the second vehicle 508 as
the first vehicle 502 passes-up the second vehicle 508. The
WPC system can be configured to sense the wind force of
the wind 506 before the wind force of the wind 506 1s

experienced by the first vehicle 502 1in response to the
LIDAR device, the camera device, and/or the RADAR
device not detecting the second vehicle 508. A wind detec-
tion system (e.g., the one or more wind sensing devices 110,
as 1llustrated 1n FIG. 1) can be mounted on the first vehicle
502 and configured to provide sensor data for processing by
the WPC system to determine a wind speed and a direction
of the wind gust 506 as described herein.

The WPC system can be configured to generate wind
condition data (e.g., the wind condition data 122, as 1llus-
trated mm FIG. 1) characterizing the wind speed and the
direction of the wind force of the wind 506. The WPC
system can be configured to cause a vehicle control system
(e.g., the vehicle control system 126, as 1llustrated 1n FIG. 1)
to adjust a speed of the vehicle 302 and/or a steering angle
of a steering system of the vehicle to compensate for the
wind force of the wind 306 based on the wind condition data.
The WPC system can be configured to cause the vehicle
control system to compensate for the wind force of the wind
306, such that the first vehicle 502 maintains a current
vehicle path. Thus, the WPC system can cause the first
vehicle 502, in some examples, to stay within the first lane
514 and not move 1nto the second lane 516 1n response to the
wind force of the wind 506 impacting the first vehicle 502.

In some examples, the vehicle control system causes the
first vehicle 502 to reduce a current speed, such that the first
vehicle 502 moves from the second vehicle state 512 to the
first vehicle state 504, and thereby shield the first vehicle
502 from the wind force of the wind 506. In other examples,
a speed of the second vehicle 508 1s increased such that the
second vehicle 508 shields the first vehicle 502 from the
wind force of the wind 506. The WPC system can be
configured to detect that the second vehicle 508 1s shuelding
the first vehicle 502 from the wind force of the wind 506 and
cause the vehicle control system to stop compensating for
the wind force of the wind 506. Thus, 1n some examples, the
WPC system 1s configured to cause the vehicle control
system to revert to a new or previous vehicle control state
(e.g., previous speed and/or steering angle) for the first
vehicle 502. Accordingly, the WPC system can be config-
ured to dynamically adjust vehicle operations of the first
vehicle 502 with respect to the wind force of the wind 506
as the first vehicle 502 moves 1 and out of being shielded
from the wind force of the wind 506 by the second vehicle
508.

In view of the foregoing structural and functional features
described above, an example method will be better appre-
ciated with references to FIG. 6. While, for purposes of
simplicity of explanation, the example method of FIG. 6 1s
shown and described as executing serially, 1t 1s to be
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understood and appreciated that the example method 1s not
limited by the illustrated order, as some actions could 1n
other examples occur in different orders, multiple times
and/or concurrently from that shown and described herein.

FIG. 6 1llustrates an example of a method 600 for maneu-
vering a vehicle (e.g., the first vehicle 502, as illustrated in
FIG. 5) with respect to wind (e.g., the wind 506, as 1llus-
trated in FIG. 5). The method 600 can be implemented by
the WPC system 102, as illustrated in FIG. 1. Therefore, in
some examples, reference can be made to the example of
FIGS. 3-5 in the following description of the example of
FIG. 6. The method 600 can begin at 602 by receiving sensor
data generated by at least one LIDAR device (e.g., the one
or more wind sensing devices 110, as illustrated 1n FIG. 1).
The sensor data can be received by the WPC system 102.
The sensor data can characterize a movement ol airborne
particles 1n response to a wind force of a wind at a location
in an atmosphere that 1s at a distance from the vehicle. At
604, the sensor data can be evaluated (e.g., by a wind
analyzer 112, as illustrated in FIG. 1) to determine wind
characteristics (e.g., a wind speed and a wind direction) of
the wind based on the sensor data. For example, back-
scattered light detected characterized by the sensor data can
be analyzed (e.g., by the light evaluation module 114, as
illustrated 1n FIG. 1) to determine the wind speed and the
wind direction of the wind. In some examples, a distance
between the at least one LIDAR device mounted on the
vehicle and a location of the airborne particles being acted
upon by the wind force of the wind 1n the atmosphere can be
computed (e.g., by the light evaluation module 114, as
illustrated i FIG. 1) based on the sensor data.

At 606, one or more vehicle operating parameters can be
updated (e.g., by the vehicle control system 126, as shown
in FIG. 1) based on the wind characteristics of the wind to
mitigate the impact of the wind on the vehicle. The one or
more vehicle operating parameters can include an updated
steering angle and an updated vehicle speed. For example,
the vehicle control system 126 can be configured to cause a
steering system of the vehicle to adjust steering angles of
wheels of the vehicle based on the updated steering angle of
the one or more vehicle operating parameters. In some
examples, the vehicle control system 126 can be configured
to cause a speed control system of the vehicle to adjust a
current speed of the vehicle based on the updated vehicle
speed. By adjusting the steering angle and the vehicle speed
of the vehicle base on the updated steering angle and the
updated vehicle speed the vehicle can be configured to
mitigate the impact of the wind force of the wind on the
vehicle as the wind force of the wind acts (e.g., pushes) upon
the vehicle.

As used herein, the term “circuit” can include a collection
of active and/or passive elements that perform a circuit
function, such as an analog circuit and/or digital circuit.
Additionally or alternatively, for example, the term “circuit™
can include an integrated circuit (IC) where all or some of
the circuit elements are fabricated on a common substrate
(e.g., semiconductor substrate, such as a die or chip) or
within a common package herein. Additionally, the term
“couple” 1s used throughout the specification. The term may
cover connections, communications, or signal paths that
enable a functional relationship consistent with the descrip-
tion of the present disclosure. For example, 11 device A
generates a signal to control device B to perform an action,
in a first example device A 1s coupled to device B, or 1n a
second example device A 1s coupled to device B through
intervening component C 1f intervening component C does
not substantially alter the functional relationship between
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device A and device B, such that device B 1s controlled by
device A via the control signal generated by device A.

In thus description and the claims, the term “based on”
means based at least 1n part on.

Modifications are possible 1n the described embodiments,
and other embodiments are possible, within the scope of the
claims.

What 1s claimed 1s:
1. A method comprising:

receiving sensor data generated by at least one sensing
device for a vehicle, wherein the sensor data charac-
terizes a movement of airborne particles;

determining wind characteristics including a wind path

and a wind force based on the sensor data;

detecting an object moving relative to the vehicle, deter-

mining a trajectory of the object, and determining a
time period during which the object will be positioned
to shield at least a portion of the vehicle from the wind
force; and

adjusting a vehicle operating parameter based on the

determined wind characteristics, the determined trajec-
tory of the object, and the determined time period.

2. The method of claim 1, wherein the at least one sensing,
device includes a light detection and ranging (LIDAR)
device from which the sensor data i1s received, a radio
detection and ranging (RADAR) device, and a camera
device, the method further comprising receiving additional
sensor data generated by the RADAR device and the camera
device, wherein the additional sensor data characterizes the
movement of the airborne particles, wherein the wind char-
acteristics are determined based on the analysis of the sensor
data and the additional sensor data.

3. The method of claim 2, wherein the determiming of the
wind characteristics comprises processing the sensor data
and the additional sensor data to determine an average wind
speed and an average wind direction, and wherein the
vehicle operating parameter 1s updated based on the average
wind speed and the average wind direction.

4. The method of claim 1, wherein the wind characteris-
tics comprise a wind direction that 1s aligned with the wind
path and a wind speed, the method further comprising
determining a distance between a subset of the airborne
particles remote from the vehicle and the vehicle based on
the sensor data, the updating of the vehicle operating param-
eter 1s further based on the determined distance.

5. The method of claim 4,

wherein:

the sensor data 1s generated by a light detection and
ranging (LIDAR) device,

the wind speed 1s a first wind speed, the wind direction
1s a first wind direction, and the distance 1s a first
distance,

the first wind speed, the first wind direction, and the
first distance are stored in memory as a first set of
wind data, and

the method further comprising receiving radar data gen-

crated by at least one radio detection and ranging
(RADAR) device for the vehicle, wherein the radar
data characterizes the movement of the airborne par-
ticles, and

and the determining of the wind characteristics comprises:

determining a second wind speed, a second wind direc-
tion, and a second distance between the vehicle and
the subset of the airborne particles based on an
analysis of the radar data; and

5

10

15

20

25

30

35

40

45

50

55

60

65

16

storing 1n the memory the second wind speed, the
second wind direction, and the second distance
between the vehicle and the wind as a second set of
wind data; and

wherein the vehicle operating parameter 1s updated based

on the analysis of the first set of wind data and the
second set of wind data.

6. The method of claim 35, wherein the vehicle operating
parameter 1s updated based on a subset of data from the first
set of wind data and a subset of data from the second set of
wind data.

7. The method of claim 5, wherein the determining of the
wind characteristics comprises processing the first set of
wind data and the second set of wind data to determine an
average wind speed, an average wind direction, and an
average distance between the vehicle and the subset of the
airborne particles, wherein the vehicle operating parameter
1s updated based on the average wind speed, the average
wind direction, and the average distance between the vehicle
and the wind.

8. The method of claim 7,

turther comprising generating image data comprising a set

of images generated by a camera device for the vehicle,
wherein the 1mage data characterizes the movement of
the airborne particles,

and the determining of the wind characteristics comprises:

determining a third wind speed, a third wind direction,
and a third distance between the vehicle and the
subset of the airborne particles based on an analysis
of the image data; and

storing 1n the memory the third wind speed, the third
wind direction, and the third distance between the
vehicle and the airborne particles as a third set of
wind data, and

wherein the vehicle operating parameter are updated

based on the analysis of the first set of wind data, the
second set of wind data, and the third set of data.

9. The method of claim 8, wherein the vehicle operating
parameter 1s updated based on a subset of data from the first
set of wind data and a subset of data from one of the second
set of wind data and the third set of wind data.

10. The method of claam 9, wherein the processing
comprises determining the average wind speed, the average
wind direction, and the average distance between the vehicle
and the subset of the airborne particles based on the first set
of wind data, the second set of wind data, and the third set
ol data.

11. The method of claim 10, further comprising transmit-
ting to a vehicle control system wind condition data that
includes the average wind speed, the average wind direction,
and the average distance between the vehicle and the subset
of the airborne particles, the vehicle control system being
configured to update the vehicle operating parameter based
on the wind condition data, the vehicle control system
comprising an electronic stability program for updating the
vehicle operating parameter based on the condition data, the
vehicle operating parameter comprising a speed of the
vehicle and a steering angle of a steering system of the
vehicle.

12. The method of claim 11, wherein the object 1s detected
by an object sensing device for the vehicle.

13. The method of claim 12, further comprising directing
the LIDAR device, the camera device, and the radar device
in a direction based on weather data.

14. A system comprising:

a sensor system for a vehicle comprising at least one

sensing device;
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a controller comprising a memory storing machine read-
able 1nstructions for causing a vehicle operating param-
cter to be adjusted, the machine readable instructions,
when executed, cause the system to:
receive sensor data generated by the at least one sensor
device, wherein the sensor data characterizes a
movement of airborne particles;

determine wind characteristics 1including a wind path
and a wind force based on the sensor data;

detecting an object moving relative to the vehicle,
determining a trajectory of the object, and determin-
ing a time period during which the object will be
positioned to shield at least a portion of the vehicle
from the wind force;

cause the vehicle operating parameter to be adjusted
based on the determined wind characteristics, the
determined trajectory of the object, and the deter-
mined time period.

15. The system of claim 14, wheremn the at least one
sensing device mcludes at least one of a light detection and
ranging (LIDAR) device and a radio detection and ranging,
(RADAR) device, wherein the machine readable instruc-
tions are further executed to receive image data generated by
at least one camera device for the vehicle, wherein the image
data characterizes the movement of the airborne particles,
wherein the wind characteristics are further determined
based on an analysis of the image data.

16. The system of claim 15, wherein the machine readable
instructions are further executed to determine a distance
between a subset of the airborne particles remote from the
vehicle and the vehicle based on the analysis of the laser
data, the radar data, and the image data, and the vehicle
operating parameter 1s further caused to be updated based on
the determined distance between the airborne particles and
the vehicle.

17. The system of claim 16, further comprising at least
one object sensing device for detecting the object.
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18. The system of claim 16, the machine readable 1nstruc-
tions are further executed to cause the wind characteristics
to be transmitted as wind condition data to a vehicle control
system comprising an electronic stability program for updat-
ing the vehicle operating parameter, the vehicle operating
parameter comprising a speed of the vehicle and a steering
angle of a steering system of the vehicle.
19. A method comprising:
recerving at least one of laser data, radar data, and image
data that characterizes a movement of airborne particles
and that 1s generated by a sensing system for a vehicle;

computing an average wind speed and average wind
direction based on the at least one of the laser data, the
radar data, and the image data, the average wind
direction aligned with a wind path;

detecting an object moving relative to the vehicle, deter-

mining a trajectory of the object, and determining a
time period during which the object will be positioned
to at least partially block a wind generated force from
impinging on the vehicle; and

causing a vehicle operating parameter to be adjusted

based on the computed average wind speed, the com-
puted average wind direction, the determined trajectory
of the object, and the determined time period, wherein
the vehicle operating parameter includes one of a speed
of the vehicle and a steering angle of a steering system
of the vehicle.

20. The method of claim 19, wherein the receiving
includes receiving the laser data, the radar data, and the
image data, wherein the laser data 1s generated by a light
detection and ranging (LIDAR) device of the sensing sys-
tem, the radar data 1s generated by a radar device of the

sensing system, and the image data 1s generated by a camera
of the sensing system.
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